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CATALYTIC COMBUSTION 


I. Introduction 

Catalytic combustion is e term used in this paver to 
describe heterogenous chenical reactions of surface contact 
catalysis where the desired objective is the liberation of 
hest. The reactions and process invoived ere such that the 
engineer would in penerel be unfamiliar with them. Conse- 
guently, prior to entering the discussion of catalytic com- 
bustion it is thought prudent to give hnistorical background 
Meterial and general informrtion on cetalytic reactions. 

In genersl the material on cstslytic reections is of 
an empiricai nature end no exhaustive catrlioguing will be 
attempted in this naner. For more information on specific 
reactions a comprehensive reference list is furnished. 

The subject of satslyeis will be freated only in 60 
far as it verteins to catelytic eurface action. In speaking 
of cetalysis only solid catalysts are included in this paper 


unless otherwise noted. 


A. History 
In general the investigation of catalytic combustion 
hes been full of pitfalls for the investigator ond misin- 


formation for the student. Davy, the first investigator to 





]* 
discover the vhenomenon of catalytic combustion, in 1817 


in an exnveriment using 4& platinum sponge ipnited a mixture 
of oxygen and hydrogen &t room temperature. After this 
discovery Faraday, Henry, and many otners attempted analy-~ 
sis of the problem but none were successful and interest 
Gied in 1836. Many erroneous conclusions were drawn from 
early experiments and it was not until the last part of 
the nineteenth century thet more suitable explanations of 
Catalytic combusticn were acquired. 

One of the principal experiments conductead vy chemists 
Ff the end of the nineteenth century wes the investigation 
Of ignition temneratures ang fleme velocities by Victor Meyer 
and others. During the course of these investigations ace 
curacy of measurement wea largely thwarted by irregulsrities 
whieh could oniy be attributed to the influence of hot walls. 
The effect of those hot surfaces was founé to be essentislly 
a gaseous catalytic action anc the work started by Fletcher~ 
on hot surface conbustion has continued to this dey. 

The first accurate exnerimentel measurements were made 


o jt 
by M. BodGenstein in 1900. 


His experiments were carried out 

at both elevated temperatures in the incandescent region, 

and at room temperatures. The results of the experiments at 

elevated temperature were subject to many errors and were 

i* W.A.Bone and T.A.Townend, "Flame and Combustion in 
Gases", pg.425, Longman, Green & Co., London, 1927 


2* Bone and Townend, "Flame and Combustion in Gases", p.426 
ao Jae 





inconclusive. The exmeriment at room temveretura in which 
the rate of reection of He and Oo over a platinum surface 
at temperature near O°C was measured, led to important con- 
cmtene thet the catelytic acticn cecurea ae a result of 
surface adsorption of the reectants by the catalyst; tnat 
the reaction at the surface is instanteneouss end that the 
difference in meagured rates is due to difference in diffu- 
Sion factors. While these conclusions are not thought to 
be entirely valid nor all inelusive, they formec a basis 
for future thought eat the time. 
sane@ 190C many experiments on catalytic combustion 

have been conducted but to this time no ali inclusive theory 
as to the exact nature of the reection hes been reeched. 
Bone, in Engiend, has conducted research over e period of 
more then twenty-five yeers on catalytic coubustion. Hic 
conelusions es to ites neture are given in his book published 
in 1927: "The phenemane of oatalytic combustion is probably 
Gevencent upon an adsoretion or oeclusion of the reacting 
gases by the aurface wher-by they become activated by ase 
sociation with it, end th-t in some cases such activation 
may be considered es an tonization cf both the oxygen and 
Bt 
the combustible gas". 
4* .C.Bodenstien, Zeit. Physik. Chem. 47, 1904, pge.52. 

Originel trensletion , Bone and Townend, "Flame and 

Combustion in Gases", pp 432-433. 


o* Bone end Townend, "Fleme and Combustion in Gases", peg. 
460. 





Langmuir in a naner given before the Fareday Society 
in 1921>" indicsted the same idea as given above except that 
he included the idee of valence forces between the reactants 
and the cetslyst as beings responsible for many cheracteris- 
tica. Although Langmuir was not primarily concerned with 
catclysis he conducted exhaustive exneriments on gaseous ad- 
sorption in metels while develoving the incanéescent light. 
His naner, “Constitution and Fundamentel Proverties of Liquids 
end solids,’ contains an analytical approrch to the catalytic 
surface action. 

By 1927 1t wes well recognized thet catalytic combua- 
tion anc other forms of catalytic action were definitely 
connected with the crystel lattice of the cetslyst, anc the 
atomic characteristics of the reactants in relation to the 
catalyst end to themselves. Since cetelytic combustion is 
thecretically about the ost complicated form of catalytic 
actions the rerxctions chosen for study to determine the 
cause of catalytic ection were not of the combustion tyne. 
The exoeriments which were cerried on in catslytic combustion 
were generelly connected with explosion limit tests and high 
temperature wire ignition. An example is the work of R. 5S. 
Silver” in determining the effect on ignition limits, when 
6* if. Langmuir, Trens. Farsday, Soc. 1922, pp 545-675 


eo” I. Langmuir, Journal of American Chem. $0c.38, 2221, 1916. 
S* RR. &. Silver, Phila. Mag. 7, (23, 635, 1937. 
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5 mn balls of aGifferent material at sleveted temperature 


were fired into a gaseous mixture. ‘The reaults bore out 


, . : , 2 
the conciusion, of H. F. Coward and P. G. Guest, thet 


atalytic naterials of the same size an& shape as none 


a 
© 


Catalytic substances required a higher temperature to ire 
nite a gaven mixture This vhenomenon will he exnleined 
in later paragraphs. 

AG tie present time there is very ilttle inveetiga- 
tion being done on oataiytic combustion directly, but 
catalysis in gase-to-gas and gas to solid reactions plays 
@ Doert in nost reactions where heat ts the desired product. 
There is come work being done on producing enmolete cone 
bustion by insertings surfeces in the combustion zone and 
elso on hot wire ignition at high velocity flows. Most of 


this work is beins done under government contrect. 


Be. Contact Catalysis 

Before discussing catalytic combustion specifically 
it is well to briefly discuss the theories on the csuse of 
contact catalysis. However, it snould be realized that the 
study of the cause of catalytic action is still in its in- 
fancy and only considered opinions end vostulates, not a 
definite clearly defined analysis, cen be fiven. 


oe TT. -* et end P. G. Guest, Journel Amer. Chem. Soc., 
Vol. 49, 2479 (1927). 





In most chemical reactions the velocity at which the 
reaction proceeds is proportional to 7 eT, where E is the 
energy of activation and k is dependent on the tyve of 
reaction and the Ratecr ater Since the catalytic action 
increases the rate of resection at given temperature and 
conetent k, there must be es decrease in the energy of acti- 
vation if the rate function e RT ac still valid. In essence, 
the activation energy is used in stretching the bonds whereby 
the "radicals" of a reacting molecule sare brought into a 
position faciliteting the reaction with other stoms or grouvos 
of aitoms.**- 

‘iost voresent Gey theories epree thet the decrease in 
energy of activation is © reault of adsorntion of the reace 
tent by the cetrlyst, but there is little agreement es te the 
exact process by which it is reecomolished. There hed been 
a good deal of controversy as to whether the catalyst reac- 
tion occurred at the surface or in the body of the catalyst, 
but recent date on adeorvtion and reaction rates indicste 
tht in most cases the reaction occure at the surface. Whiie 
adsorption of the reectants by the solid surface is a4 
requisite for catslytic acticn, the converge statement is 
net true. The relaticn of adsorption of €O and catalytic 
activity of various catalysts illustrates the relation of 
adsorption to activity. 
10® S.Glasstene “theory cf Rate Feacticns" MeGraw Hill, 1941, pgoé 


Li* J EZ.Nyrop, "Catalytic Aeticn of Surfaces", Levin and 
Munksgaard, Copenhagen, 1937, po &6-40. 
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Order of catalysts activity *12 
Adsorption of CO. Gop03 hopealite 8,Co MnOg CuO FepOz V5 05 
(same tine & temp.) 


Catalytic Adtivity C0592 hovealite 34 Co MnO. Cud Pe@50a V5 06 


a 
a a. Naver” indicates the two strongest exvolana- 


tions es to the decrease in energy of activation on adsorption 
as oriented adsorption and multiple adsorption. Activation 
by orlented sdeorption consists in en alteretion of the con- 
figuration of the edsorbed molecule, or the onening un of 
primary velence bonds or secondary or residual valence bonds 
as areeult of the nrimary valence forees on the surface of 
the catalyst. Multiple adsornotion is the indenendent edsorpe 
ticn of two ends of a molecule by active noints on the cata] 
lytic surface. When these noints are further spart than the 
normal length of the molecule, sufficientiy strang edsorp- 
Gion will cause stretching and Gistortion which increase 
molecular agtivity. While these two theories can be anplied 


in moet instences, there are sone cstalytic proceaeee in 


PO 


which the formation of intermediate comnroundsa is Pound, 1.e. 


decomposition of HeG on Eg., rnd these commouncs could exe 


14* 


Dlain the catelytic action. Sabetier beltey that the 


@ 
>] 


formation of intermedicte compounds is the exolanation for 


iz) 


most catalysis but there te Little experimental date to back 
hie conclusion. 
le* H.B.Weiser, "Colloid Chem.", McGraw Hill, 1949, ng.384 


15* H.B.veiser, "colloid Chem," 1949, Chan.7 on Contact Catalysis. 
14* Ind. Eng. Chem. 18, 1105, 1926. 





In conparing adsorption data as a meesure of catalytic 
activity, the time for which the reactents will be in contact 
with the catslyst is important. Especially in the case of 
cotalytic combustion where high flow rates are desired, the 
adsorption in .1 or .O1 seconds is the important relation 
end there is no information on this. 

While adsorntion is the major criterizs of catalytie 
action, the pertial pressures or the reectents and the temp- 
erature of the curface are importent in determining the end 
product. in combustion of hyérocarbone compviete combustion 
is desired; so thet an excess of stoichemetric air is desired 
snd catelysts will he chosen for use which give end preducts 
ee HoO and COp or products active enough to be readily con- 
verted to HjO0 end COp. An excellent exemple of tempereture 
effect is seen ie the synthesis of hydrocarbons py a catae 
lyst of cobelt cerbonste end thorium carbonate mixed with 
Gilelomite; when a mixture of CO with twice its volume of 
hydrogen is sdmitted to the ecstelyst at 195°C or above, meth- 
ane and COj are formed; at 160-195 syntheeis of o1ls occurs. 
if tne pressure on the above reaction is inereased, the length 


of the shains in the hydroserbon oils produced ie increased. 


C. Effect of Surface Form on Catalytic Activity. 
At low temperatures the surfece of a fiven sample of 


+ 


catalytic material varys widely in catalytic activity. At 





higher temneretures in the order of 2000°R each vlece on a 
given esurfece will have more nearly the same activity. 

Semples of any given cetselyst will vary rreetly in 
prevaration. There is no generel reasoning which moy be 
spnplied to determine the method of treatment to obtein greater 
Gatalytic effect. There hes been a great deal of work done 
in determining the process by which meximum activity may be 
had for any friven ortalyst and Pepetsat. Tyovical of thie 
data is the table given below for reduction temperature and 


4% 
catalytic activity of nickel edtelysts.’” 


Temperature °C Relative Activity 
2609 1.0 
550 1.18 
500 1.25 
650 020 
750 0 


in many commercial apnlications the method of prenara~ 
tion and structure of the catalyst ere a closely ruarded 
secret since often many thousands of dollars and much time 


hes gone into the research. The Germens did a rreat deal of 


1S* R.H. Griffith, "Contact Catelysis", Oxford University 
Press, London, 1946, pp 129-197. 
16* R.H. Griffith, "Contact Catalysis", pe 10. 





10 


work on vorepsration of catelysts in their development of 
estelytic hydrogenation and evnthesis for synthetic vroduc- 
tion of hydroesrbons. This meterisl which in most cases was 
not oublished is now pallens 

The effect of surface area on catalytic activity has 
not been successfully determined, probably because the methods 
of determining surface area were not indicative of the 
Catalytic contsct ares. In exneriments by Z. Schwab.” on 
catalytic activity of oxides of W, Zn, Ne end metallic nickel, 
an increase of catalytic activity did not corresvond to a 
frecter surfece area per unit weight when the surfece wae 
determined by the adsorption of methylene blue. Other ex- 
periments have shown thet s relation of surface erea and aoe 
tivity cdoes exist but no definite relstion has been esteblish- 
ed. However, it is well Known thet a finely divided metal is 
more active than one in the massive state. In the above dis- 
cussion the effect of heat release and temperature effects 
were not included. With catalytic combustion , where the cate- 
lyst and re:ctant sre ct annvroximstely room tempernture inte 
tislly, the ratio of esrera to volume is extremely imoortoent. 
Since the velocity constent k is the form 

kK =a4e ; 

the rete of reection increases es temnereature increases. With 


i7* Cavtured Technical Documents, "Catalysis". 
18* Phys. Chem. 1931, 12B, 428. 
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a large ares to volume retio the temperature inecreeses more 
repidly then with a small ratio so the catalyst is brought 
to ea higher temperature sore rapidly and can be maint-rined 
ats higher temmerature. Also there is a minimum particle 
size below which the maximum temoerature wiil stey essentialiy 
constant for any size. The reacon for this minimum size 
end its theoretical determination are still under study but 
no adecuate explanation has been sdvanced,. | 

Lt is well to voint out here that most data on catalytic 
surfaces is compiled at tenveratures below 1OOO°F which makes 
it difficult to determine characteristics when operating in 
flames. The dete cannot be intervolated for high temperatures 
from low tempverature curves. Not only does the effect of 
the surface change as the temnerature is raised, but for any 
fiven reactent there is often e temoereture ot which e reversal 
takes place, end the reaction will not proceed, or slows anp- 
preciably when the tempverseture is raised beyond the reversal 


voint. 


Poisons 

The explanation of a reversal in reaction rate is 
generelly a result of voisoning. There ere two reneral types 
Of poisoning: one in wrhich the poisoning comes from the pres- 
ence of impurities in the catalyst; end the other in which 


the action comes from the reactants. The vnoisoning action 


iL 


“ 
ee 
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19* 
ean be either permanent or transitory. The action is etill 


the subject of much controversy, but in general the voisoning 
action canes from 2 film formsetion on the surface which pre- 
vents or retards the absorption cf the reactante. The film 
may be of cuch a nature thet merely chenging tne conditions 
or the reactants may Gissipate it and esllow the normal ope 
sorption to continue. An example of this tyve of poisoning 
is the action of CO and or ona platinum filament. At 600°K 
the velocity of reaction is limited by a flim of CO whicn 
prevents the adsorption of Oo, Dut at 9OOSK the CO film is 
broken and the reaction vroceeds as fast as fresh material 
Gen be supovlied to the surface. An example of permanent © 
polsoning of - cetalyst is the poisoning of platinum for 

the Ho and 0. combustion reaction by Cu; when the catalyst 
was heated to [000° in e hydrogen atmosphere the cuprous 
oxide, which had been held immobile in the body of the metal 
was reduced end copoer migrated to the surface of the cata- 
lyst where it formed a film anc seriously retarded the 


cetalytic ectivity. 


Ore 
Promoters and Carriere”? 


Promoters are materials added to the catalyst in 
oroper form which increases the activity of the satelyst. 
i@* Langmuir, J. Am. Chem. Soc. 88, 2221, 1916, GrifTith, 


"Contact Catalysis", Chapter IV. 
20* R.H. Griffith , "Contact Cetalysis", Chapter III. 





The additions are cenerailly emali. {fF the promoter is ecata- 
lyticelly active, the activity of the mixture will rise to 
a shero peak at come percent of addition end then wiil 
decrease to a constent velue slightly greater than the pure 
catalyst ae the percent of promoter is increased. There ls 
no couprenensive expianation of promoter action. In sone 
instances the distorticn of the crystal lettice found from 
Xeray photogravhs coincicGes with the insoreasne in activity, 
but the exact nature of the aotion is as obscure as in the 
exact nature of catalysis. 

Carriers are catalytically inert materisis which are 
used ag a holder for the catalyst and sre of great importance 
commercially. The carrier does not add to the activity 
of the satalyst. Often it nermits the catalyst to be dis- 
tributed in a more effective form with the result that the 
some ectivity may be had with only a small percent of the 
weight in the pure state. In catalytic combusion the use 
of carricrs is important , for it vermits the use of refrace 
tories as holders of the catalyst and greetly increases the 
temperature range of use. Also the active catalysts are 
generally very expensive and the use of carriers fives the 


same effectiveness et a much lower cost. 





Db. Cetalytic ceonbustion and snalyseis of the »roblex. 

tne vroblem oresentea in this pacer is to consider 
the applications of catalytic conbustion in engineering 
with specisl emohesis on its uses in flow combustion. Two 
general idess wil be considered: catalytic ignition end 
Gatalytic combustion in a low temperature gas strean. 

The subject of hot point ignition has beeh atudied 
a0r & COonSs4aaerabie veriod ana the characteristics for most 

: . 21% 
fuels are Weil established under static conditions. in 
gpenereal, the smaller the body the higher its temvereture 
must be to cause ignition, and the sreater the ratio of gas 
to air the nigher the ignition temperature. A typical exe 
ample of the size end mixture effect is the deta from the 
) Zu? ‘ - 

work of Coward and Guest shown on Curve 1, for methane 
and eir ct atmospherics pressure in a large volume. The 
lowest measured ignition temoerature for methane is 645°C 
which is found with extreme turbulence on a hot wall. 

rr i s * x 21% he 

ine ssme work by Coward ana Guest determined the 
effect of various materiels on ignition temperature. These 


A Rad 


results shown on Curve 2&2 are tynical of the effect of 


catalytic materlal on ignition temnerature. The fect that 
cl* W. Jost "Explosion and Combustion Processes in Gases", 


MeGraw Hill, 1946, pe 21-32. 
Coward and Gueet, J. Am. Chem. Soc. 49, 2479, 1927. 
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platinum, wich is the most ective oetalytically, aiao has 

the highest ignition temvoerature is exolained by Cowsrd and 
Guest. “In the immediste proxiuity of the platinum surface, 
there is e very active reection. Since the reaction is not 
confined strictly to the surface, there is, in the immediate 
proximity, a rise in the temverature in the gas with «a rela- 


tively steep maximum, with a share bend in the temperature 


(s 


curve end thus a grest loss of hest ot the maximum, especially 
toward tne side of the ¢reater drop in temoerature, the metal 
surface. The conduction of heat cen, therefore, balance out 
the production of heat by chemical reaction and hence no ige-e 


a 
nition takes aneeg 7" In the opinion of this writer, the 


results can be tnore satisfactorily expisined by the fact that 
in catelytic reactions the reaction is entirely on the sur- 
face of the catalyst. Since in the surfsce reaction neo chain 
cerriers are produced, the sctiveted varticles necessary for 
lenition in the mass of the gas must come from those mcele- 
cules wiich etrike the surface and do not react but pass 
through ¢« fiim of combustion products and re-enter the un- 
reacted gas to react. The number of activeted particles en- 
tering the unreacted ges will therefore be lese with a cata 
lytic surface than with the non-catalytic surface at the 

21* W. Jost "Exvlosion and Combustion Processes in Gases", 


MeGrew Hill, 1946, pp 21-3¢ 
Coward and Guest, J. Am. Chem. Soc. 49, 2479, 1927. 
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sane temmerature, and e higher tenvnerature for ignition will 
imed of the esatalyst. 

in the exveriments discussed xbove, the hent for the 
Ae@niting body vas sunolied from an outside source. There are 
known cowbinatione of catalyst and reactant which heave an ape 
oreclable reaction velocity at room temperature and iliberate 
heat upon reaction. Oontinuous ignition in ae strean of air 
fuel mixture sould bea accoaplished, without use of external 
energy, by inserticn of catalytic materlal in sucn a forn that 
iis tenverature was maintained by catalytic combustion set that 
recuired for ignition. Ae was indiceted in the section on cat- 


Aalytic surface the form of the eatsiyst is extremely im- 


iS 


nortant. The first chese of the exosrpiment was chosen to be 
the det-erminstion of a catalyst, fuel combination, and the 
form of tne catelyet required to croduce a catalyst temnerae- 
ture hich encuzh for ignition of the fuel. After determining 
the catalyst, its form, and the fuel, the «rfect of stream 
velocity on the unit would be investigated. The primary pur- 
pose of thie nhese was not to devyelon an igniter but rather 
to determine a cxetelytic system which could be used in deter- 
mining generel characteristics of catalytic combustion in a 
flowing strea i. 

The second phase of the experiment wes to install 


the system decided on in the first phase and test the charac- 
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teristics of catalytic combustion for verioue fuel air 
ratios and stream velocities. Since it 1s desired here to 
teat the catelytic combusticn characteristics, a flame is 
not desired and operstion of the experiment must be such 

as to prevent the formation of a flame. No attemot will be 
made to determine the resetion products which indicate the 
degree to which the fuel hes been oxidized. The ordinary 
Orsatz analysis would not give the desired information and 
an involved chemical sanelysis is needed becouse there is ae 
wide variety of oxidation products npossibls in catalytic 
oxidation. With the oxidetion of methyl alcohol on vlati- 
num, aldehydes, ketons, carbon dioxide, and water are proba- 
ble products. Since the oreduction of hert and not the pro- 
auction of chemical vroducts is the cbjective here, the 
measurement of temvereture as a oriteria cf hert relesse 

is the importsnt feetor. 

The ection of incendeacent surfaces in combustion is 
important in a catalytic combustion reaction where there ia 
flame as well as catalytic combustion. In catalytic combus- 
tion the temperature of the catalyst will generelly be in 
the incandescent rerion and so the eurfece will act as an 
incandescent surface. The vrimary distinction between ine 
Candescent and catalytic surfece combustion is thet in the 


former the reaction ocecure et a finite distence from the 








surface, while in the letter, reaction occure in the surface 
of the material. An incandescent surfece will eativete une 
reacted fuel or oxygen varticles which strike it snd when 
theese particles contact en unilize fuel or oxygen molecule 


Ses | 


a réeetion ocerrs. Also if particles of fuel end oxygen 
strike tne surfece et the same point a reaction occurs. 

At present there are few uses of catalytic combustion 
but as the demend for higher rates of burning with smaller 
areas is increasing it is beliLeved thet the use of oetalytic 
combusion mey provide oan enswer te some of the problems. The 
work presentsd here is intended as e first ster in the ane 


plication of catalytic combustion to cresent Gay combustion 


problems. 
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IT. The !xvceriment. 


A. Materiale 

The first phese ef the experiment wee to determine 
the system of fuel and cetelyst to be used. Sinee the fuel 
@ir mixture was to be supplied J ccm tempersture and the 
Catalyst wes initially to be at rocm temperature , the come 
bination of fuel end cetselyst would hseve to have an appre- 
Glable reaction velocity at room temperature in order tea 
increaee the temperature of tne catalyat. 

Since 1% was not noasible to test a freat variety of 
Catalyst fuel systems the selection wes princiralily an analye 
tical one. The most active cnatelytie combustion system with 
common subetanees is the syetem of oxygen-khydrogen and platie-e 
num aebcetes, piatinum sponre, or very thin pletinum wire. 
However, this eystem has the disadvantage of vroducing high 
heat rejense and is extremely €ifficult te control.<°~ In 
hycGroearbon oxidation platinum is the most active ontelyst, 
approximately twenty times greeter than nickel under the 
Same conditions,” therefore it wos determined to use 
Dlatinum as the catalyst in these tests. The American Plati- 
num Works of Newark, New Jersey, produces platinum 
Zor WW. Jost "Explosion end Combustion 


pp.26028. HH. F. Coward and P. 
dour. Amer. Ghem. Gec. Vol. 48, p.&m 





ang palladium in all forms for use as catalysts, and they 
v 24% 
recommend platinum for use in oxidation sstalynaia. The 
form of the pisatinua for best results could not he deter. 
mined from enalysis but it must have a large surface erea 
and 2 nit: surface to volume ratio, ar has been discussed 
« z ~ s OF $ r 
in the Introduction. The forms choren for test were: 
.003" platinum wire, 10% rhodium platinum sereen .003", 


890 mesh and .5% by weight pletinum asbestos. Platinum black 


i 


wae not considered here beaause of the difficulty of bonding 
the material to permit its use in a flowing stream however, 
pletinus in Tils forn its extremely active and would provide 
an excelient satalyst if a suiteble holder could be found. 
nols provide e enean, readily e- 
yallable materisl which can he used as 2 liquid or gas since 
they have a low boiling noint. “VYith most catalysts iso- 
propyl anc methenol heve the erestest aotivity, of the al- 
eoholes.<°" Since methy erloohol is nore readily availa- 

ble 1% wes chosen. In addition to methanol it was decided 
toc use oronpane as a fule. Fropane was chosen because it is 
eefer to vork vith then most other gaseous fuels and also 
because it revregents a class or fuels which are not as 


otu* 
ya 
euecerctible to catsilytic action «es is methanol. 
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£47 Americen Yiatinum VYorvde-Builetin "Piatinua & Paiiadium 
Catelysts", Newark, N.dJ. 
2om BoA.Grirfich, "“Contast Catalysis” po.26-26 
26* B.H.Griffith, "Contact Catalysis" pe 250 
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2Gat W. Jost "Explosion and Combustion Processes in Gases® 
raw Hill, 1946 po. 436, 579 





8. Anvaratus 


In all of the inveatig-aticns undertaken in this ex- 


a 


neriment it is nesessary to have - netered elr sunnly, & 
fuel injection system, and s« means of controlling each in- 
dependently. The apoaratus must be ae flexible as oosslible 
to permit tests of a various sizes and caanosition of Gatae 
LY¥YSts. 

Photograph I shows the assembled apvaretus and @ 


Geseription of each convonent ia given below . 


Air Source 

Air wee suppiied by a centrifugal blower rated at 
175 ou. ft./min. at 3475 yom. This source wes chosen rather 
then the conrpressed air system supplied by a recilorocating 
compressor to evold cossible gontemination of the catalyst 
by impurities found in that systea. In order t6 meintein 
eonstans aunnoly pressure Tram the blower a large vaive was 
installed two faet from the blower. I could hiee@ alr 
fran the -isten when flovs were low sand ‘ould he closed 
at high flowa; in tnis wey se sonstent sunpivy preesure of 
any vaiue fron 16 te 24 inches Hed gare could be maintained. 


A 3° pine was used to conduct the sir from tne bliover te 


gute 


the metering orif 


CB 
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Air Metering 

The air wag metered by use of me Tlet edge orilice 
designed and instseiled aacording to the stendard snecirlcae 
tions of the American Society for Mechanical Engineering: 
Fluid Meters, Parte IT, IT, IIf, N.Y. Soc. 1981 and L. &. 
Marks “Mechanical Eneineere Handbook,” pages 2098-2099, 
The theory and anvestiration of theee meters is Tully oov- 
ered in the sbove named publieations. Under the sonditions 
Oi this insteliation an error of less than & percent in 
measurement of volume flow is tndiested. The orifice was 
1.631 inches in diameter with pressure tenes one-half inch 
upstream and downstream. The differentio! pressure across 
the meter wes applied to en inclined weter manometer which 
Gould be reeac with en seccuracy of plus or minus tro thoue 


senadths of an inch of water. 


Fue) Sun iy 

rropanée gar GaHg is manufectured ang sola commer- 
Cisily os “Pyrofax*®. ‘The gas ie liguified anc used in con- 
toiners that nold approximately 90 pounds of Propane and 
have a pressure oF aporoximetely 135/lbs.s8q.in. absolute 
at room temperature. The characteristics of "Pyrofex® 
from deta of the Unien Chemicel and Cerbide Comoany are 


given on tne following pare. 











Heating valve 21,500 Btu/lb. 


Bolling point a AD5OP 

Critical oressure 66 lb/ac.in. 

Ratio of specific neate 1.153 

Vapor preesure 22°C iL? lb/sea.in. gage 

Specific gravity (Air-1} 1. 56 

Stoichionetric cogbugtion ratio 24 ocu.toeair 
eu.rt.7Fue 


15.8 16a air 
ibs. Fuel 


At iow flow rates the nressure in the tenk will remain con- 
stant; but at fuel rstes of .005 lbs/seca. or greater, the 
ecoling effect from evaporation will cause a o6mp in prese 
sure of ne much ae 2G lbfag.in. With runs of less than 

three minutes the effect will not be spnpreciable and the tenk 
pressure wili remsin ¢e tially oonsetent even at higher flow 
retes. The oronene Wes metered ueing the same system as was 


ape 
ueea in previous exnerimente on filnme helders. i gage of 


2) 


the type useé@ on welding units is attach 


te the oropane 
tank, this is conneeted by a rubber tube tc a control valve 
whieh acmits trae fuel te the injector in the eir etream. The 
control valve has a nointer sttached which maker it vossible 
to open it to the anme voint for sii rune. The pressure on 
tne line is controlled by & serew on the tenk gage. The sy6e- 
tem 1s celicreted by determining the time required for a 


a7e 3 F-Pleld "“Pheor ry of the Vleme Folder", Dseters Thesis 
submitted et R.P.T., June 1947, on. 12-14. 





pound of gae to flow st various gas oreasures. The vropane 
tank is sounted on & weighing scele which cen be seen in 
Photograph 1. The eslibreticn , found to be a nearly linear 
relation of preasure and fuel rate, is plotted on Curve 3. 

Ketihyl aleonol CH,O has 4 boiling point of 149 Ge- 
grees F., a specific gravity of .791 at GO degrees F., & 
stoichiometric air fuel ratio of 6.46, and an ignition 
temperature of aporoximately 960 degrees F. under statie 

; PAs had , 

conditicns. The exact reason for the catslytic aantivity 
or methanol with platinum is nog Known, but it ls beileved 
to be a result of the tyne of bond in the melecule of the 
fuel. One method cf alechol production is the ertelytice 
oxicgation of methane on platinum. The conbustion of methyl 
alcohol on o Gatalyst does not give definite combuet ion 
oroducts bit, like most catalytic reactions, will oroduce 
a varlety cf vroducts whose composition devends on the temp- 
erature of the catelyat and the air fuel retio. 

The vethanol will be metered by weighing the anount 
upead at definite settings for a wiven time. Two metnads 
of injecting the eaicohol into the air stream will be used. 
The first will aup-2y licutd aleoho] under iow pressure to 
a jacketed tube (.265 inches inside diameter) mounted in 
the alr streams inside the tube are % number BO holes which 
are Grilled on s circle end the fuel from all holes will 


23% O.W.Eshback, "“Handbock of Eng. Fundamentels® 1-111 
Jost. "Exp. and Com. Processes in Gares", vg.45. 
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meet in the center of the tube. The fuel is controlled by 
varying the head on the system either by elevating the fuel 
container or supplying the desired pressure from the air 
system. The second method used ies ta pump sir through the 
fuel reservoir to veporize the slcohol, end then pess the 
mixture through e rubber hose to a tube mounted concentric- 
ally in the air stream. The quantity of fuel vaporized is 
measured by weighing, and the control is accomvlishead by 
varying the pressure on the air supovly which variee the alr 
flow through tne fuel. The air is supolied by a tekeoff from 
the main 5 inch air vipe. The vaporization can also be in- 
creased hy putting ecetton on a wire rack in the alcohol con- 
tainer so that the evaporation srea is increased. Since one 
of the objectives here wea to have the fuel at room temvera- 
ture, the system of hee ting the alcohol in order to vaporize 
lt was not used, but it would be a more flexible system in 
future work. The maximum flow with the system used was 


6 lb/hr end flow control wes poor. 


Control Vselve 





The control valve for the main supply flow wes a 
one-and-one-half inch grate valve instelied three feet down- 
stream fron the metering orifice and immediately uvstream 
from the test section. The valwe gave exceedingly senei- 


tive control of the flow. 





Test suection 

TWO Gest sections were used. Yest sgection & con- 
sisted of a one foot length of one inch steel vipe with: 
@ pressure tap two inches From tne upetream end; a Pitting 


for admissicn cf methanol in either vapor or liquid Torm 


fa 
Png 


to < tube, (which was held concentrically in the pipe by 
the fitting) that could be placed in a position either two 
inches or four inches from the downstream end of the pipes 
and a flenge-d joint on the end with » fittine for atteching 
two therizeecuples on the Govwnstreria helf of the flange. 
steiniesa steel screen couid be pisced between the sections 
of the flanged joint in order te held the various catelyste 
in the etreem. The size of sereen used was determined by 
Lne Getelyst used, for most tests a .012&8 inch 
wire, 4C gese sereen wee used. 

The second test section vag similar to the first ex- 
e@nt that 1% wee an eight ineh piece of onf-and-one-half 
inch pipe end the concentric tube hac e small fitting on 
the downstreem end to which the steinless steel mesh with 
catalyst could be attached. Tne downetream enc of the pipe 
wee not flengea out Fes threadeca so that additional pine 
could be connected if desired. A fliting for insertion of 
a thermocouple was orovided one-half inch downstream fron 


the point of attechment of the mesh. The test sections 





were attrched to the control valve as is stown in vhotograph 
S- Photogranh @ is of the first test section and vhotograph 


5 of the second. 


Pressure ahd Tenperature Measurenents 

Preesures were measured with water uenometers gradu- 
ated to one tenth of inch for pressure on the orifice, pres- 
sure on insethanol supply, and vressure in the test section. 
For the differentiel oressure across the orifice s one inch 
inclined water manometer, gredusted in hundredths of en 
inch was used. 

Teaperatures were measured at the center of the ripe. 
A ecnromel-alumel thermocouple wes used in which the wire was 
enclosed in @ silicate eurrounded by a metel casing. The 
temperature reedines of the catalyst were obtsined by force 
ing the thermocouple on the metel or inbedding it in the ag- 
bestos. The readings would not he the exact tenperature due 
to radlation and@other corrections, but the variation of 
temperature during any given test with change of conditions 
was the desired resuit. The results desired were not de- 
pendent on accurate determinstion of any temperature, hut 
rather tne variation of temperature with test conditions 


was the importent fsetor and this was achieved. 
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G. Proceduire end Reeults 
The precedure snd results of cack test wili ba Gia 
cuseed Jointly, aince the proeedure and vurocose varies with 
eech phase. 
L3AGuUid KMethenol platinum in the three forms; a whre, 
asbestos, end sereen, previously described, were tested us- 
the 


& 


ing liquid methanol. The methanol was injected in ALL 
stream in the one inch test secticn as = fine epray about 
four inches upstresm froa the screen contecining the catalyeats 
but no anrnrecieble reaction could be produced. With the 
platinizec arbheatos, ccensionel voints cf Incandescenece vould 
appear but would extinguish immedietely and no temprrature 
increese wes observed on the thermocouples. One of the ther- 
mocounles wae in contact with the asbestos and gtainiess 
eteel sereen snd tne other wee in the center of The ane helf 
inch downstream from the screen. Various fuel rates end alr 
fiows were tried. The voitnt of injection wes moved two Teet 
upstream but thers “wes still neo measurable reaction. It was 
netec , however, that as the rate of ficew was inerersed the 
number of incandescent points apvnearing inereased. ‘With 

the pletinun wire and pereen no effect «t all was noted. A 
system, suggerted by the cetrlytic cigarette lighter, of 
surrounding the pletinum wire with a metsliic oxide end plece 


ine this between the stainless steel sereen holder gave much 





the same result as the plstinum ashestos with occasional 
points of incandeascence. When fuel had been flowing for 
more then half a minute no further incandessent points 
could be noted. The fuel hac to be shut off end the eata- 
lyst dried by running from three to five minutes at maxi- 
flum Tlow before another test could tbe made. No test date 
wes colmniiled on this oh: se as there was none of interest 
noted. For the test with the asbestos end the wire mae 
terial they were encicsed in the steinlese steel, 4C gage 
and .O1 inch wire, screen so thet there was considerable 


resistance to flow, the maximum flow being .1 cu.ft/sec. 


Methanci Veoor Tect 
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ihig test wes run by setting a definite fuel rete 
end veryines the flow rets of air. Since oir wae used to 
Carry the vevoor from the alechel reservoir to the test seo 
tion the fuel was already mixed. 6wees injested through 
the tube nounted in the center of the pine, the end of 
wiloh wag ebout one ineh from the eeterlyst. The entire 
flow had to pase through the sersen. The tube was thresfed 
on the unatream end so thet a plug could be inserted to 
prevent paccage of olr from the main stream and produce a 
higher consoeniretion of alcohol at the center cf the 


Catalyst. 
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Platinun Asbestos 

One helf grem of asbestos was piaced between the two 
pieces of stainlerns steel 40 gage screen. When the flow 
wee Tirst vnassed through the asbestos no increase in tempera 
sure wea noted. The fliow rate of alcohol was veried but no 
reaction ocsurred. It wes found that if the alcohol air mix- 
ture were passed through at very low velocity in the order 
of one foot/see, tne reaction would start as indicated by 
temperature ineresse, ané then the fiow velocity could be 
increased without stopring the reaction. The resistance of 
the asbestoe in the screen was such that the flow rates were 
too iow to measure if all of the flow were passed through it. 
However, it wee found in these tests that the temperature 
veraus fuel rate at a constant eir flow showeé s rapid rise 
up to e velue of one ounce per hour and then the temperature 
stayeca essentially constant as the flow rate was increased. 
Varying the sir flew changed the maximum temmnerature but 
Gid not chonge the charecter of the curve or the fuel flow 
at which the curve leveled eff. The maximum temperature 
founda here was 400 degrees F. Since the air flow was of 
too low a mepnitude to give « drov in pressure on the ori- 
Tice, two slots were put in the side of sereen to nermit 
passage Of air [nel mixture. Under this system the Tlow 


went entirely through the slots and no temperature increase 





was observed. One of the vorimary difficulties here was 
clorezing of the screen by the asbestos after a short vertod 
ef opersticn. Another difriculty was the inability to pro- 
duce high flow rates of alcohol. 

During these tests the reaction wes not that ef con- 
plete combustion and the products were not GO and Ho. 
Their presence wes detected by the extremely vungent odor 
of the exheust procucts which greatly irritated the eves 
and nose. This materlal is probably formaldenyde or one 
of the other eldehycdes. 

The dete Prom these tests are not included since the 
values for different runs were not reproducible. Only 
general quaiitative informetion was obteined which hae been 


included in the first paragravch of this section. 


Platinum-Wire and Platinum Soreen. 


to Te 





The tests using a .008 inch strand of platinum Fire and 
&8 plece of ,O0& inch by .S inch pletinum foil in the stream 
showed no resection for any fuel rate or fiow. The .903 ineh, 
80 gage visrtinum sereen did not show any reaction either. 
However, with the lighter system mentioned previously, under 
materials, using .003 inch pletinum wire in a promoter of 
oxide, a rapid reaction occurs at room temoerature. The ree 
ection proceeds instantaneously as far as could be determined. 


The catslyct was neld by tne atsinless steel sereen, but only 





a eircle of .7 inch radius in the center wee Tilled with 
the catelyft so thet higher flown couls be hac. The Flew 
Fro.s the sisohol tube cevered shout one tenth ef the flow 
sren end oO sewe a coneidersble enrichment et the eatslyet. 
Using low sir flows ipnitton occurred with the two Riconol 


gs were made without « plue in 
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flow retes tested. These tere 
the eleohol injection tube. Trricesl] resvite fron these 
tests are slown en Curve 4 end Appendix Apel. Ag ignition 
ogcurves there eee on tnerensy of apnroximstely BCO degrees 
tn catalyst tedpersture and 11090 degrees in sir tenpernr- 
ture. “rior to ignition the pungent ocor mentioned pre- 
yiously wes evident. ain thee» runs the repraduaibilaity 
wag #OO1, .owever, st bigh Slew ratee the promoter whieh 

4s in fine partioles wag biown out and »fter five or ex 


% 


rune the Getelyst wee opsreting at fifty pereent effeotive~ 
meee and ind to bre renisced. She teste were aleo limites 
by the low aavimum fuel rate, 6 ib/hr, and diffienlt sone 
trol of the aleohol systea, but they gwive rood indication 
of general charretieristion of tenpersture end veloolty at 
conetant fuel Plow, 
A aombinstion of platinum asheeter ond a 3 inch 

piece of .00% inch wire in 4¢ wee Sested. I wae subjeet 


to the seme diffieulty as observed with asbestos Kins 


but a coneistent anximaum temcerature of GSOSF derrees 





could be obteined by ad.ing tne niatinum elire. 


Propane tests 


lining prevene selone in ell Pueletoeair ratios there 


WaG nO meogureéd reaction with any of the evtriyates. 


Propane ana Aleonol tests 

With pletinum asbestos and & ineh pistinum wire in 
tne 6tainless steel soreen, where ail fiow fore throuprh the 
esere@een; if alcotol is tiret eesitted and then a sm@ela Siow 
of propane will cause a jump in temperature. ith en aicohol 
fuei Flow cf .1i2% Jbe. per sour the teaserature of the sereen 
ia S1lO°F , when propane is admitted the telmer:ture risea to 
S50°F anc will remain epurokiMately conct’ nt &f the alconel 
flow ia ctomped. in this test, ac mentioned before, the re- 
atriotiun of flLow sede it inpogsible to fet sore then pwenerai 


Qualitative isforantion. Aa the Piow of propane wee inoreaste 


ly ‘(09 degrees F untii 


» 


eG tne ie@unerature remeined essentisl 
& pate of .004 lha/see of propane wis reached. At this flew 
the Temper; ture starteé deereaging ani with o alight Inerease 
in flow refe the re: otion atopned completsciy. When the sleee 
hol] wes gllowed to flow sapoin there wes ne reaction. The 
ortelyst waa herted to about "00 deprses ond cooled in sir. 
After tiie treetment the rleonol reacted c2 1% hed in the 
iret pun altnocurh the tenverature wes slishtiy lowe~ 290 


degrees F. 
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Pro. the results just Geseribed 1¢ ware decided te run 
&@ test useing alcohol to atert; then introducing propane end 
Varying ite Tlow with « constant sir flow. in order to pret 
mecourable Plow, openings were mode on the sides of the ctaine 
less eteel mesh holding the rirctinum agbeatos and .003 inch 
Wire. After each run a prick wea used toa clear the screen 
of the s-beetos which eliminsted much of the trouble rre- 
viourmliy encountered. The rune were of siort duretion toa 
orevent clorring of the sereen rnd eiro to keen teuperature 
drop end consecuent pressure drop, dve to evaporetion of pro- 
pane, to a ainimum. Typleml results fron the teeta ere arown 
on Curve 5S en! Anvendix A-2. Ipnition of prepene could not 
be aecomliched. The pyrofex gas hes ea very destinetive 
eager ond curiapr the teefe this wea oroninent. The punrent 
odor observed in previous terta was observec when alicchol 
was On but dirappeared when the sleohol wee ehut off. The 
msximum flor ocbhtainable here wag .205 ou. ft. of eir per 
second. Ag is snown from the deta, the aereen tenuperature 
end the sir tempersture followed aliost exactly the same 
path with the sereen temperature shout twice the gag tem 
perature in most cases. While the temperature measuresente 
will be esubjest te inaccureaier mentioned under Te wnern ture 
Meacurement, for any run, the werietion of measured tempere 


ature with fuel rate ent flow will be the same ee the varie 





ation in true teanereture. 

ime Dieatinised anbectoes shoved wide verietion in 
astivity with wee. After more then oneshalf hour st tem- 
peratures akove SOO desreesa F, 1% we Found that the -e- 
tivity, ae measured by alcohol reneticn at low flows, had 
decreesec os much es lifty per cent. After each series of 
rune the asbestos warn replaced, an@ 1% wes found thet new 
meterinal fave very conciatent results with aleohol «at low 
flows in noet inetreness. The quantity of asbeetes used 
had no Gescurable effert on the teomereture cherroteristic, 
but with more osterisl the stainless sereen clorged faster, 
and the «ffect of the quantity of eoetelyst was difficult 
te determing. Re change in the pletinum wire could be oh 


nerved. 


Flame ‘older Tests. 

Urine test section 2, (Photegrenh &) a one inch 
Scuere of steinileses steel acreen holding rirstinum asbestos 
ant & One ineh section of .00% Aineh 8C mesh olatinum sereen 
inside wes olsced on the holder. The sicesz of the soreen 
were bent to an angle of 65 deprees, .25 inches in fron the 
edee. The purnose of the teete wera to test the re-lgenition 
properties of the unit. However, it we found thet the oro- 
pane would not produce self-ienition under any oircumstences. 
The alcohol] ignition occurred readily with lew Plow velocie 


tles but when the oropane was odmitted to the atream the 





fieme stcepved. There wee Insufficient time to atudy this 
nroblem ay it would revuire a rebuilding of the entire 


setup anc conciderable exnerimentation. 
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ilie Interpretaticn of Results 


The results of the first oho e of the investigation 
ehow thet 4% is cogssible to produce lenition of an elcohe) 
air mixture with both ootalyet and mixture initislly at 
room temverature. fiven more importent is the effect of the 
form of the eatoliysat on its oroperties as shorn by there 


1% ¢ 


teste. he @4iference in resulte of the teste of platinum 
gebeetos, platinum wire, end platinum plus presoter where 

the average maximum tempereture of the asbestos slone was 
about 860 cervreee lower then thet of the platinum plus vro- 
moter and the .Q003 insh wire by iteelf nroduced no reaction 

at sli, ehow thet with eny given extelyst fuel eyntem the form 
of the csetalyst is the moet importent single fraotor. 

The fect thet LiquiG silcohol when sprayed into tne 
syetem in fine rerticleg fsiled to produce appreciable ree 
aotion ie cacily expinined. The @ateiytic reseticn oecurs 
as ® resuit cf adsorption of fuel ond sir by the cats lyst. 
The adsorption of air is prevented hy e film of Liquid fuel 
on the eurlree of the entelyct. This is shown clearly by 
the fret thet en oir stream hed to be passed through the 
Catelyst, siter a run useing liguid aleohol, for a considere 


nhle ceriod to dry it ont before 1t would vrevide reration 


with the raseoug meterisis erain. 





ca 


The reaults of the tests with platinizecd sabestor 
snow Loot there is « asximum reaction rete for the cetsiyat 
ine given Term with s given fuel. This value gannot be 
determined annlyticelly as has been mentioned before under 
Gatalytic surfaces, but the redetion of nerticle size te 
reeetion rate in a generr] way ia shown by the inability of 
Platinum foll .603 inches by .& ineh tO osuse any reaction 
wnile the .Cf grumea of platinum in the asbestos caused ape 
nreciable reaction. 

Frog the eombustion viewroint, tne feet thet in alld 
of the teste, where only eatalytic oxidation oecurred, the 
eombustion wee incemlete ig very important. The feet wars 
Glearly shown hy the observed presence of punrent gases in 
econelderable guentity ond alino by the faoet thet when igni-e 
tion oscurred the temperature of the entalyet was rnised 
ginost GOO derrees ond the temperature of the pases wae 
reaiseé ebout 11°C degrees. Whether the imnition realises 
the tenverature of the entalysat or wheth- r the combine tion 
of surfece sna estalytie sombuation produces the incrensed 
theaper: ture ic difideult to tell. 

Tne exect values oY the tenperrsturee determined are 
of not too creat sirnificance exeent as they correlrte the 
d:ta; but they do give an indiestion of the spporoximate 
tenpereture which the syetem of nleohol vistinum will give. 


The Zenition teaperatures Of methanol is about 1LOC degrees 





ren 
¢ ¢ 


for tne conditions as used in thia exveriment, the temperae 
tures resa et the point of oombuscticn veried from 7OC degrees 
tO 1100 depress. When cosbusticn w sg prevented teaver: turee 
#6 hich «se CCOO derrees were obeerved on the plistinus end 


promoter. inere were prokably lsoletes iot gsnote far in 


» 
oy 


kd 


excess oi the recorded te perature wiieh could seuse ipnie 


tion. In tnesas teats ignition could only be achieved et low 


Levert thet this ie e Laimitetion of the 


p-2 


fio0ws, but 2% is he 
alconol fusal syctes. Fro@ repulte ebteined in the experie 
@ent it 28 indicated that a cateaiytas Lpniter wou'd Punetion 
at high vwelosities when suffaelent fuel 4e used in tue ayge 
tem. It ile aleo appsrent by Gowerring the pesults of the 
propane and siconol tests that aleohel, or some other easily 
Catalyzed fuel, would be necersary to melntain nigh teaverse 


tures on = erctelyet vor inition. 


j3 
pod 


In gil of the forme in which the olatinum was used, @ 
large vresesure drop at high velocity was required if all of 
the fuel elr mixture was to oass over the cstsiyet and reo 
aAat. nite no atteapt wes made to determine design charate 
teristioa of 2 Gatalytic vcombuster, 1¢ is easily seen that 
if the cree of the unit is Lnereseed the velocity deereages 
ant) the head recuired to foree a ¢iven amount of fuel mixe 
ture would decrense as the equare of the velecity. flac 


the packing of the neterinal nas a prvat effect on the ree 


galetenae to flow. 





we Gifterence in catslytie effect of two fusle Le 
ehown Gleorly fron deta presentee fn heooendin fe2, The ale 
sonol at @ Tiew rate of .COCO45 pounde/aee oreducen a teme 


perature in the getalyet spproximately the seme ag the prepane 


i, 


ef a pate of .0018 pounds/eea. The aleochel ts easentinily 
cenoentr: Lea on on eren of one»tenth the sren coversé by 
the elee@holg but even considering thie the cifferenne is 

Great. The Teast thet propene will not reaet with the oleti- 


Hum catalysts at room temperrture while the alcohol wEil, 


26 » fo08 Indiention of the fuelts behevior with the ente- 
iyet. 

With propane, the oar Tual retio for maximum tenper~ 
ature dc aieut @:1, on increase of fuel nbeve thet predusee 
e Gecreese in teapereture until » petio of sheut Sel is 
reaeheds; ond then the temperature drones renddly indicating 
temporary poisoning of the eatalyet. The vetuea of sir 
fuel @iven abcve are to « certain extent influenced by the 
form oF the ertelyet, but they would be in the sane renege 
no Metter whet the form of the plistinum catelyst. 

Vurve 4 suows the @ssertisliv linesr cheracter of 
Upstrean velocity vergus tewnerrture. Thie is SXPEWLEM 
with the low flew ef elaoahol waged eines all gelecohel reaote 
end the oeximum eéeorption rete tea not reached. The 8. OD 


O° the curve is ea funetion of the way in which the Qetalyest 











ie made an¢é its rerr. 
The teete useing oa two fuel syeten vere not carried 


tor enoucit to sake any definite cedueticne from then. The 


Alcoheli wae merely used ar e@ merns OF rriging the initind 
temperature 29 thot ihe propene would react. 

Curve & does ehow thet the ayount ef oropane oxidiced, 
A&E mécauren by the ecetelyst temvereture, is essentielly ine 
Gependent of the vir fuel retia for e@ riven veloalty 1 
range of & to 12 rir fuel ratio. Below 5 the caetelyst is 


polsonet, ©nd ehove 1° there ie inenffinient fusl adsorbed. 


Curve 5 -ico shore thet eoprorth velooity may have a henee 


a 


fichel effect on reisire the teapercture. Phe feat thet 


ee? 


the 40 ft/sec ourve cives hicher teneersturen then the 34 or 
24 £4/se0 curvea wan oheeryed renestediy. It ia orobebly 
explained by the faet thet the formation of the film of 
reaction vrocucts on the surface oF the eatelyet, wes in- 
hibited, whieh inereaned the edsorption rete and the quen- 


tity of fuel omidized. 





tae 
+ 


2 ae 
¢ 


* 
t 
? 


| 








LV. Sumuery 


in preventing the Conelueions and Summary, it 
Wee Bcug..t to eatirfy the initial object of thia neper 
an prpapenting inciestiones as to the uses which can be 
made Of Gcstelytie coabustion in hest preduction. ‘The 
Certs providex informetion con two poseible catelyst 
fuel systems: wethanel platinum, end propane pirtinum. 
sh@ tiret cy tem is highly active entaliytically, and 
tne second mucli less sc. The tects were pun to deter-~ 


mine effect of catelyst form, flow rate, and fuel to 


ba] 


or 


air ratio on catalytic comhuetion retes. No design 


Of comvonentrc for aetuel ue@ nor anslysia ef esa-hustion 
wee atteniotedc. The o-ts secured wae wostliy of a qual- 
LAtative neture to determine the feners? reistion of the 


variables, mentioned above, on entalytia combuntion. 





Ganclusioune 


Che bem ef catalysis eg The scle Geehaniem in som 


$ 


buetion, where the uwaximum hect per unit weight of fuel is 


my 


Gesipe’, 46 of littie valine uniees the font hes oniy one 
primary ctanie seoembuction preduct. Mydrogen is an exeanp) 
Of this, cut with the hydreecerben furlr the sroduste of 
combustion ere varied. as the teste with extelytic come 
bustinn eluow they will not in general be carzon Gloxide 
and woter. 

Tne use of cetalytic combustion will be ee an 244 
to existing comrurtion methoada. The Lenition of « flowe 
ange fuel mixture by reretion with * eataiyst, whieh hes 
been demonstrated in thie experiment of low Plows, may vell 
provide « me ne of celf-Lenition in meany of the Jet cosbuse 


Fa 
3 
a 


sien unity. ne Gleacventega of heving Liquids auench the 
Getriysle ae found in theee exneriments sary be avoided by 
ugine dus’ tuele. “he ablility toe maintein en ieniting tem 
perature in = streem is a function of ¢ eGsorption and 
eubrequent rerpection rates of the oatelyst fuel eystem, but 
it 16 poneibie to seeure these temperstures with very Low 
fuel retes where the fuel is apniied to e¢ emsll portion of 
the flow erea. 


“a 


The feet that eetclytis combustion of hydrocsrbone 





ce 


gfenersiay proauces some product other then cerborn aloxide 
and water “ey be used to lewer the ignition peint of a prin 
mary fuel. ihe priwary fuel may not be susseniibie to catae 
Lytis action but & Bgecond fuel Or a liighly esuseentible 
character witl oroeduce sambustion produaste woien materisily 
lower tne ienition teanerature of the primary fuel. Where 
the flow of fas minature ia through » large @rea st & rela- 
tively low velocity, the eateiytic sombustion of smell 
Guentity oF Yuel would maintain the waliec af on elevated 
temperature to orevent the quenohing action of coid sure 
faces in the vombustion of the main fuel aupoliy. 

the age of garpiera and prometers with cgatalyate ia 
advartagecus in catalytic combustion eince many of the eare 
Tiere ent orosoters are refractories woich sre ceuveble cf 
wWhinetanding aish beaperatures. fleo the use of these agente 
permits ¢ esreat reduction in the sost of the Gatalyat, which 
is genersi2y oirh in the nure state. 

“ith any fuel catalyst system, orre must be exercised 
to prewere the estalyet in suon e forms thet Lt will pro@uce 
the desired resulta; but in weneral the finer the particles 
the preter the activity ner unil weight. 

The temoerature which a oatsaliyst Tuel system can maine 
tein in «a etréesa is determined orimarily by the forn of the 


Gatalyst and not the velocity. The form le important for it 





4& 


debermines the edeerrtion and reaction retes whieh in turn 
determine the beet release. At any fuel air ratio the vee 
losity inereese cen cause 9 teaperrture increase but the 
reir tion suet »e tested far each aystem before o definit 
pattern gen }* e@steblieheé. “he Corn imelufdes the z2ren Fo 
yom the informetion obtelned in thie work, whieh tes 
only a ureliminery investigation, the use of sata lytic come 
Gustion offere © nosetible solution to many of the orobleme 
of combuetion in a flowine cea. But ite uee in static cone 


bustion tiolda Tit le “romise. 


Limitetions of the Work and Suggestions For Further Inveeti-~ 
mation. 

“he Llimitetions of the experimental work are great 
since it ees only intended «ss preliminsry investigation in 
the appliorstions of catelytice combustion to fuel gonbustion 
orobliene. The limitation of the desorintive presentation 
te expected since only a brief review of tie high points 
of such « lerce asubjiest could be given. In genersi the @ x= 

esrimentol setun was rough; but sinee the objeetive was 
general trends, and zany teste hed to be ange, & Nore Come 
Dlicetet and preelise setup would heve eoncsumed far too much 
time end sould not heve given a aush clesrer insight into 


the general picture. Perheos the most severe handican in 
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Sule @xperlment wae the sleohel fuel evyatem which wae ciffie 
Gult fo eontrol and limited the date on the sleohel system 
Severely. 

tie stgpestions for further work are meny since the 
field hag hac little werk done in it with the otieative of 
Geveioping fusl eenbuation. The tro moet promising fleléde 
in this writer's opinion lie in the investiertien of entae 
aytio Lenition «et high veloelty flows: ond the anvest lone 
Lien af the effect of vsine e Theme holder of matrisytie 
mete cle: with « ten eonmonent fuel system, one Qefecliyticrce. ly 
very active. Another ~roblem ae mentioned in the Coanolusiton 
is the effect cn soabugtion and atsbility renee of cetelytie 
aurrese , he-ted by catelytie combustion, o6 the arsterizi 
for the covbuster ina unit gambler to thet uee@ in the 
turbo jet burner. The investigation of the slenhol nletie 
num syaten with an aleohe? control thet would vermit any 
range of oir Tuell retiog would be of considerehble value, 
the develoument of oatelysts and srometers is berhnana the 
moet importent phase of all an@ in this fiei@ there are 


unlimited sosgaibilities, 





APPRENWDIX &. 


EYPEP IMENT AT pe TA 


“eet of methyl] aleohol with nletinum and vremoter 


Geteivet. £12 flow through the Getolvet using test 


meation 2. 


hela Atmos. prese. 30.07 inches he. Room teap. TGF 


Time et beginning of test 16:35:20 
vime ot end of test 15:44:00 


Wt. Of sleohol used 18 og. 
» 


h(inshes weter} 


ol? D 78 4h ry 
0 h25 12.4% 765 3.8 
ot 1S 665 7) 
CZ 16 FLO 8 


ead ignition &6 1666 34 


Ae-ib Time at beginning of test 16:28 


Time st end of tact A7si&s3 2G 

Wt. of sleol-el used 2423/6 o2., 

h Weve a Ve 
oid oe | 225 ak 
oi Fok AZO we 
0 OE 1i.4 510 462 
Od 16. G7G G0 
22 15.8 800 8.8 


Ol tenition 36 L880 ow 


“.V¥. (on soreen holder} .V.(air) Temp°Pr 


130 
160 
210 
340 
1476 


300 


190 


1385 


had 


A rr 
——~ 2 
7 

—— — 
: 

: -_ = 


—— a me 


“4 _ Po i 








* & Cor 














Aw ic 


Run 


Run 


& 


asbestos with .003 ineh 


Teast of propene and 


Afmeoa. Presne. 50.02 


inom Temp. 


Tine at beginning of rungs 16342 


Tine «% @nd of rene 


& 


bo 


Proncnme tank presaure 


oO 


od 


oL& 


ef pleshel veed 2.3 o2. 


Propane line oreeaure 
ped 
¢ 
3 
% 


32 action ceased 


pot pao 
DOH & AO 


ection ces ged 


Gi HO 


g 
LO 
i4 
1G astion ceased 


17312 


1206100 pel care. 


HeVe 
(sereen} 
we r) é, o7& 
2) 9156 
26.8 B95 
i? BSO 

260 
L6G 708 
19.8 B15 
i6.8 B15 
18.4 $26 
18 790 
£3 7S 
22.3 976 
oa 2005 
23.2 I9k5 
23.5 1928 
23.4 1080 
25eG L096 


GOO 


iow flow oF alesohoi on vlietinuna 


Yistinum wire in the asbeéc toe. 


10.0 
2.6 
1.8 


Ved 
720 


Bed - 


Ga 


8.8 


6.2 
10.4 
100 
tied 
i124 
11.4 
1126 


465 
450 
44.9 
420 


O45 
439 
416 
406 
SO4 


270 
468 
430 
495 
O10 
ILO 
480 
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APPEMDIK 


CORPUTATIONG 


Ae ARTY etering 
sorer te Le. 3. Marke, “Mechanical Engineers 


Ganebocok", pares LCVE-LOTG. 


Yolume rate of flow. 
= YMCA 2eh 
te re"/eas 


zx expansion factor 


Ce, 

Q 

x 

wo © meter constant 
GC @# coefficient of diacharge 

& © opifioes area in ag.ft. 

he differential head in fect of fluid metered. 
Crifice diameter » 1.551 Atnohee 


Pape Glameter » 3.00 inchee 


For conditions in thia experiment the value of ¥, 4, and G 


taken from Marks are given below. 


xX * 1.00 
Bo Ge * 628 


Area of orifiers =» .O128 aa. ft. 
The h ae réed from gate will he in inehes of water to convert 
to feet of air, 


h(inohes water) 68 e h(feet of sir) 





Substituting in equation for © 


&* 1.000 x .0128 2.38.2 xh x 68— 
* .O% h(in inchee ef water) j' an ou.ft./aee. 


To convert cu. ft. of air to pounds 


Q@ (eu.ft.) 07665 = (pounds) 
USS « BC 


fO convert pounde of propane to cu. ft. 


W (pounds) « Gleu.ft.) 


, 02: 5 
Temperetures are converted from M.V. te derrece 


Fehrenheit by tables of chromel-~alumel thermocouples. 


Average stream velocity upstream of ecetelyat surface, 
ta a ad 
A (£t") §=aec 


diameter test section 1 = 2 inch Area = .C0545 acq.ft. 


y= ¢ fair + fuel) 
eOCE 4B 


Aleohol fuel rate = Wo. uged (pounds) 
tine. sees 





TABULATED COMPUTATIONS 


Aw lo Peet of methyl] siecohol en platinum and promoter 
Setalyst. Objects to obtein a relation of satalyet 


temperature ond upstream velocity with conetant fuel rate. 


va 2 air W air Vv Téap. TOMP . 


inshee water ecu.ft/seo lba/eea ft/sec sereen Op ear OF 


eid e222 0169 40.6 345 130 
el ZS ei BG O144 54.6 peas i160 
GO 01186 oH0O806 21.47 865 £210 
n Or 9 97 8 “ HO87§& a o e g 7 9 540 
Lenition 0O2S o O68 00496 1267 26 66 1475 
Alechol fuel pate = .COC115 pounds/esec 
helb 
Ae a 0 208 00257 oleh ee LOG 
? o 168 CASS 50.8 328 160 
005 otAB -OOS06 let $26 190 
Pa Ors’ eOS2 200705 16.9 evs 265 
002 O76 o OOS TH 13.8 800 oo§ 
Lenition 2 20635 e004 4 969 i869 1385 


ge " e oe 
Al ee gi «3 LJ a. 


uel rate * .0000476 pounds/ren 





ihe PE 


eebeastos wi 
Onjeats 


fuel s4Pp 


Kun i 


Air hlinches water) 


Prepane 


th/in” 


3 2 o& C2 


Run & 
Air 


bt ps 
PDO & Ae 


Teact 


00D 


' Puel 
it/ees 


0 

O01 8 
eOLS 
e002 4 
eCOLS 


rTatin far var 


CG fuel 
cueft./sen 


O 
0162 
o OR 61 
0 O05 


oOlss 


0 

eOLHL 
-O1 62 
00176 
0220 
oO288 


a(rs’/sec) 


Lif 


YY 


ft./eeco Y propene 


ele? 
2%.0 
2408 
24.8 


£6.6 


‘ 
o LSE 


BO. 
Beh 
Seed 
oO 
36.7 
OF o& 


4oua velooltiesr. 


¥ air 


0144 


Y air 


TR 2 oD 
DOD 


4 


of pronane ond jew flew of alcohol on platinum 
oh 6005 tneh niatinua wire in the asherctow. 


TG obtein relation oF catalyst temperature and 


Teun Oy Veap OF 

Sere en Air 
er 6 470 
92% 450 
BO8 448 
B30 430 
NM Bee 
aetion 
W 

0128 
706 545 
B28 415 
S286 415 
B20 410 
790 596 
NO PTR- 


zetion 





faa 6S 


Air hlinches water) i(oueft./#eo) W(ib./sec) 
1S e208 00157 
P propane 7 fuel 0 ¥ " Tenp oy Texnp Op 
aly 

peeed. ib/feea su.ft./ses ft./see Nene; Sereen Abr 
Q 0 0 O78 O78 279 
3 0018 .0182 40.8 11.4 9975 466 
os 019 00162 4) 6 10.3 LOGOS 4388 
0021 00175 40.7 9.8 L018 496 
2 2OD024 00205 43.3 8.55 1025 O10 
10 0087 0226 $2.5 7.65 1620 510 
L4 0 0082 0268 420¢ 6.43 O06 490 
i8 0008 oOG08 4269 5e#O No resagtion 
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